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ABSTRACT Fungi are capable of treating various synthetic dye effluents. Previously, we isolated seven strains of fungi from
contaminated batik dye effluent at Banyumas, Central Java. The aims of this studywere to screen the ability of these fungi to
decolorize batik dye effluents containing Indigosol Blue-04B and to investigate the phytotoxicity effects of biodegraded efflu-
ent on the germination of corn seeds Zea mays L. and green bean seeds Vigna radiata (L.)Wilczek. In addition, the decolorized
effluents were tested for toxic effect on the agriculturally important gram-positive and gram-negative soil bacteria Bacillus
cereus and Azotobacter sp., Staphylococcus aureus and Escherichia coli, respectively. Study of decolorization showed that fungi
were able to decolorize Indigosol Blue-04B batik dye effluents by 21.04% to 99.89% at room temperature after three days
of incubation. The assay of phytotoxicity showed that both plumule and radicle length of Z. mays and V. radiata grown on the
decolorized effluent was longer than on untreated effluent. The percentage of Z. mays and V. radiata seed germination in de-
colorized effluent was higher than in untreated effluent. There was no inhibition zone found around the decolorized effluent
samples after incubating the bacteria for 48 hours. Aspergillus sp. 3 was themost effective for degradation and could be used
for batik effluent mycoremediation processes.
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1. Introduction
Vat dyes, such as indigo, are widely used in the batik indus-
try. Many steps are involved in the batik industry, such as
dyeing and the final washing process, in which large quan-
tities of indigo are rinsed off and disposed of in waste wa-
ter (Campos et al. 2001b; Sunarto 2008). The disposal of
dye waste into water without proper effluent treatment can
cause environmental pollution. Many types of dyes used
in the batik industry are recalcitrant to decolorization and
have toxic properties for aquatic living organisms includ-
ing plants, animals, and microbes, hence causing serious
long-term health effects (Tian et al. 2013).
Large amounts of effluent containing indigo dye must
be treated before being discharged into the environment.
Indigo dye is water-insoluble and considered as a recalci-
trant substance that causes environmental concerns (Balan
and Monteiro 2001), and such effluents must be effec-
tively treated. Therefore, methods for removing synthetic
dyes from effluents to reduce their impact on the envi-
ronment have been developed using microbiological tech-
nologies. Microbiological remediation is considered a
cost-effective and eco-friendly method for the treatment
of recalcitrant dyes and effluents. Fungi are capable of
treating various synthetic dye effluents. A number of dyes
from various chemical groups have been found to be ef-
fective against fungal oxidation due to their lignin mod-
ification systems (Fu and Viraraghavan 2001; Arora and
Chander 2004). A large number of research studies of
fungal decolorization through biosorption or enzymatic
mineralization (lignin peroxidase, manganese peroxidase,
manganese-independent peroxidase, and laccases) have
been reported (Wong and Yu 1999; Zheng et al. 1999; Fer-
reira et al. 2000;Wesenberg et al. 2003). Indigo dye and ef-
fluent containing indigo dye could be decolorized by fun-
gal action (Abadulla et al. 2000; Balan andMonteiro 2001;
Campos et al. 2001a). The authors of this study previously
found that seven fungi were able to decolorize Indigosol
Blue-04B dye.
The aims of this study were to assess the ability of
these fungal isolates to decolorize Indigosol Blue-04B
batik dye effluents and to investigate the microbial toxic-
ity and phytotoxicity of the degraded products of Indigosol
Blue-04B.
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2. Materials andmethods
2.1. Chemicals and effluents
Chemical compounds used in this research were obtained
from the Laboratory of Mycology, Faculty of Biology,
Universitas Jenderal Soedirman, Purwokerto, Indonesia.
The Indigosol Blue-04B batik dye effluents were collected
from local batik factories in Banyumas, Central Java.
2.2. Isolation of fungal strains and growth conditions
The seven ascomycetous fungi strains used in the present
study were previously isolated from sludge, effluent and
effected soil from the local environment of batik effluent
storage ponds at several factories in Banyumas. The fun-
gal isolates were preliminarily identified by taxonomic cri-
teria: color, density and appearance of colonies and micro-
scope observations with guidelines that facilitate the iden-
tification of fungi developed by Pitt and Hocking (2009)
(Table 1). Potato dextrose agar (PDA) as a solid medium
was used for pre-culture fungal growth and per liter con-
tained 200 g of potato extract, 20 g of dextrose and 20 g
of agar. The liquid cultivation medium for decolorization
studies was potato dextrose broth (PDB) containing PDA
without agar.
2.3. Decolorization assays
Five plugs (eight mm disks) of freshly grown mycelium
and spores were inoculated into Erlenmeyer flasks (250
mL) containing 100 mL of liquid cultivation medium.
These were then incubated under shaking (reciprocal
shaker) conditions for 3 d. After fungal biomass had
formed, the culture was washed from its medium and used
in the next step. About 100 mL of effluent was used
to culture fungal isolates without dilution or prior treat-
ment. This was placed in the Erlenmeyer flasks, incu-
bated under the same conditions and performed as trip-
licates of each culture flask. Decolorization assay was
carried out by taking an aliquot of effluent. After three
days of incubation, samples were taken, and supernatants
were used to estimate the number of effluents by UV–Vis
spectroscopic analysis. Percentage of decolorization was
calculated as the initial absorbance substracted by the fi-
nal absorbance divided by the initial absorbance times 100
(Kariyajjanavar et al. 2013). Mycelial biomass was then
harvested and then a protocol in which clean glass micro-
scopic slides were prepared and observed directly by mi-
croscopy was used to estimate the biosorption of dyes by
hyphae (Rani et al. 2014).
2.4. Growth profile
The dry weight of mycelia was obtained by using the two-
day mycelia culture dried in an oven at 50°C overnight.
The mycelia were dried by filter paper to enable measure-
ment of dry weight. Data was designed by averaging the
value of the three cultures.
2.5. Microbial toxicity and phytotoxicity
The toxic effect of the decolorized effluent was tested on
agriculturally important soil flora bacteria (Bacillus cereus
and Azotobacter sp.) (Ilyas and Rehman 2013) and preva-
lent species of gram-positive and gram-negative bacteria
Staphylococcus aureus and Escherichia coli (Rani et al.
2014). Minimal salt medium was used for the culture of
B. cereus and Azotobacter sp., and Luria-Bertani broth
medium was used for S. aureus and E. coli (Rani et al.
2014). Microbial toxicity was developed using the agar
diffusion method. This method was used for in vitro eval-
uation and to determine the inhibition of antimicrobial ac-
tivity. Decolorized broth was inoculated with all of the
bacteria, placed into plated agar medium and incubated
for 48 h. Two hundred µL of prepared suspension bacte-
ria was inoculated on the dried surface of PDA medium
using spread plate method and an index of toxicity was in-
dicated by the presence of an inhibition zone around the
inoculation well (Kurniasih et al. 2018).
Phytotoxicity tests were performed in order to assess
the toxicity of the treated decolorized effluent samples.
The decolorized products were extracted and dissolved in
10 mL of distilled water for the tests. Solutions of un-
treated samples and treated decolorized compounds were
prepared in distilled water and were tested on seeds of Zea
mays and Vigna radiata for toxicity at room temperature.
Approximately 20 seeds were sown in autoclaved sand.
The study was carried out by watering the seeds with 5
mL of the samples. The control set was carried out at the
same time using irrigation water. After 7 d, the percent-
TABLE 1Morphological characterization of macroscopic andmicroscopic fungal isolates.
Isolate
code
Colony color Colony
diameter
(mm)
Color of
mycelium
Specific character Spore
diameter
(µm)
Preliminarily
identification
E-LcmA yellow/pale brown 40 whitemycelium vesicle, metulae & phialides, foot cell 2.5–3.5 Aspergillus sp. 1
J-LimT yellow green 60 whitemycelium vesicle, metulae & phialides, foot cell 5.0 Aspergillus sp. 2
G-LnsP golden yellow 45 whitemycelium vesicle, metulae & phialides, foot cell 2.5–3.0 Aspergillus sp. 3
M- TT black 60 whitemycelium vesicle, metulae & phialides, foot cell 3.0–4.0 Aspergillus sp. 4
S-TR black 60 whitemycelium vesicle, metulae & phialides, foot cell 3.0–4.0 Aspergillus sp. 5
T-TR dark brown 50 whitemycelium vesicle, metulae & phialides, foot cell 3.0–4.0 Aspergillus sp. 6
AU-TSs dark brown 55 whitemycelium vesicle, metulae & phialides, foot cell 3.0–4.0 Aspergillus sp. 7
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FIGURE1Decolorization of Indigosol Blue-04B batik dye effluents
by seven isolated fungi.
FIGURE 2 Mycelial dry weight of fungal isolate to decolorize In-
digosol Blue-04B batik dye effluents.
age of seed germination was recorded and the plumule
(shoot), and radicle (root) lengths were measured (Ilyas
and Rehman 2013).
3. Results and discussion
3.1. Decolorization assays and growth profiles
Seven ascomycetes strains from a local batik environment
were isolated and identified as Aspergillus species based
upon their morphology. The Aspergillus species showed
significant decolorizing ability for Indigosol Blue-04B
batik dye effluents. Decolorization assays were carried
out at room temperature after 3 d of incubation by placing
freshly grown fungal pellets in 100 mL of the effluent.
Study of decolorization showed that fungi were able to
decolorize the effluents by between 21.04% and 99.89%
(Figure 1). As mentioned earlier, Manu and Chaudhari
(2003) reported the same results for efficient decoloriza-
tion of effluent containing vat dye (C.I. vat blue 1: indigo)
which was recalcitrant and difficult to degrade. Alterna-
tively, indigo dye can be removed from effluent through
degradation using pure cultures of fungi (Balan and Mon-
teiro 2001; Campos et al. 2001a; Dewi et al. 2016).
Aspergillus sp. 1, 2, and 3 showed that decoloriza-
tion percentages were higher (at 99.05, 98.50, and 99.90%,
respectively) than that of the remaining four fungi, As-
pergillus sp. 4, 5, 6, and 7 (at 34.30, 21.04, 71.60, and
55.45%, respectively). These results also showed a good
mycelial growth of Aspergillus sp. 4 and 5, but the de-
colorization efficiency was low (Figure 2). Mycelial dry
weights of fungal strains in decolorizing the effluent were
respectively 0.25, 0.30, 0.31, 0.37, 0.37, 0.37, and 0.32
FIGURE3The appearance of Indigosol Blue-04B batik dye effluent
decolorization. Removal of color fromtheeffluentby isolated fungi.
K: the Indigosol Blue-04B batik dye effluents as control; fungi iso-
lates: a: Aspergillus sp. 1, b: Aspergillus sp. 2, c: Aspergillus sp. 3, d:
Aspergillus sp. 4, e: Aspergillus sp. 5, f: Aspergillus sp. 6, g: Aspergillus
sp. 7.
g. The same results were obtained by AI-Jawhari (2015),
in that high levels of mycelial growth do not necessarily
also produce good decolorization ability. A. niger was
not able to effectively decolorize Methylene Blue dye al-
though it had a good mycelial growth. It was grown on
different dyes but did not show any considerable decol-
orization. Other species (Aspergillus fumigates, Penicil-
lium funigulosum and Fusarium solani) had higher decol-
orization rates than A. niger.
Aspergillus species 5, the poorest fungi isolate for de-
colorization, had colony and morphological features sim-
ilar to A. niger (Table 1). Aspergillus species 4, 5, and 6
showed similar characteristics to Aspergillus species 5, so
these isolates were also identified as A. niger. In the same
study, (AI-Jawhari 2015) states that A. niger has a lower
decolorizing ability than any other species. In a review
by Kaushik and Malik (2009), the results of a research
study conducted by Fu and Viraraghavan (2001) showed
that A. niger was able to decolorize Congo Red dyes via a
biosorption mechanism, but that other Aspergillus species
could decolorize dyes by both biosorption and biodegra-
dation (Parshetti et al. 2007). This result may be due to
the biodegradation being an additional mechanism result-
ing from these fungi having unique systems of enzymes
which break down complex organic structures into simple
fragments, and because of stress on mycelial cells causing
low growth (AI-Jawhari 2015).
Decolorization of the effluents was well over 98.5%
by Aspergillus species 1, 2, and 3 isolates, seen by the re-
moving of color from the effluent and thickening of the
mycelium color after treatment (Figures 3 and 4). These
fungal isolates change the color of the dye and this im-
plies that they are changing its chemical form (Figure 3).
The color of effluent was reduced when the color of the
biomass changed (Figure 4) and the mycelium biomass
was observed adsorbing the blue dye contained in the ef-
fluent.
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FIGURE 4 Color reduction before (A-G) and after treatment (H-N) by Aspergillus sp. 1 (A, H); Aspergillus sp. 2 (B, I); Aspergillus sp. 3 (C, J);
Aspergillus sp. 4 (D, K); Aspergillus sp. 5 (E, L); Aspergillus sp. 6 (F, M); Aspergillus sp. 7 (G, N).
FIGURE 5 Antimicrobial activity of the effluent after fungal treatment (1) and control effluent (2). A: Bacillus cereus; B: Azotobacter sp.; C:
Staphylococcus aureus; D: Escherichia coli. Aspergillus sp. 7 (G, N).
Aspergillus species 3 almost completely (99.9%) de-
colorized the effluent in the liquid medium after a three-
day incubation. This result showed that Aspergillus
species 3 was the best isolate for decolorizing the effluent.
Degradation by Aspergillus species 3 as the most effective
fungi is seen more clearly than in the other species (Figure
3). The mycelium which caused degradation using the As-
pergillus species 3 fungus culture was seen to be absorbing
more dye than the other cultures (Figure 4).
Color removal from effluent containing dyes appeared
to be due to mechanisms of the fungal biomass, primarily
biosorption/bioadsorption. After decolorization of dyes
by the biomassmechanism and then subsequent formation,
dyes were metabolically degraded by fungal strains into
their derivative products (Naeem Ali 2009). Removal of
color from effluent by bioabsorption/bioadsorption of fun-
gal hyphae is shown in Figure 4. Other studies have men-
tioned that in fungal bioabsorption/bioadsorption (Knapp
and Newby 1995; Sumathi and Manju 2000; Fu and Vi-
raraghavan 2001; Naeem Ali 2009) as the primary dye
removal method coupled with electrostatic pull between
negatively charge dyes, the positively charged cell was the
primary dye removal agent. It coupled with the electro-
static pull between negatively charge dyes and the posi-
tively charged cell wall (Aksu et al. 1999; Aksu and Tezer
2000). Apparently, besides their metabolizing properties,
fungi were acting as cultural filtrates (extracts) contain-
ing enzymes of the dyes for effluent degradation. This
study suggests application of fungal biomass rather than
cell-free systems containing enzymes for the treatment of
dye effluent, as carried out by previous studies (Braun and
Vecht-Lifshitz 1991; Zhou and Zimmermann 1993; Aksu
and Tezer 2000; Coulibaly et al. 2003).
3.2. Microbial toxicity
In the present investigation, toxicity decreased concur-
rently with the decrease of effluent containing Indigosol
Blue-04B dye. The concentration of dye toxicity after the
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FIGURE 6 Percentage of seed germination of Zeamays and Vigna radiata in treated fungal isolate.
decolorizing in effluent was reduced compared to the ini-
tial condition. There was no inhibition zone found around
the effluent samples treated by fungi after incubation of
B. cereus, Azotobacter sp., S. aureus, and E. coli for 48
h (Figure 5). The total dye content of the effluent and
its toxicity were reduced significantly during incubation.
This study also suggests that fungi worked efficiently to
decrease toxicity.
3.3. Phytotoxicity studies
Soil fertility depends on the characteristics of irrigation
water. Decolorization of effluent produces various degra-
dation products. It is important to learn the toxicity im-
pact of those degradation products on plants. The seed
germination of Z. mayswas 26.67%–66.67%when treated
by degradation products of effluent containing Indigosol
Blue-04B dye, and this was higher than when treated with
untreated effluent (20%). Similarly, the seed germina-
tion of V. radiata was 20%–83% higher than with un-
treated effluent (20%) (Figure 6). Table 2 shows that the
plumule length and radicle length of Z. mays (5.2–10 cm
and up to 4.4 cm) on the decolorized effluent were higher
than in untreated effluent (2.4 and 2.1 cm) and similar re-
sults were achieved for V. radiata (5.3–12.4 cm and up
to 3.5 cm in decolorized effluent rather than 3.6 and 1.8
cm in untreated effluent). These were similar results to
some previous studies by Watharkar and Jadhav (2014)
and Mahmood et al. (2015), that is, in terms of length
of plumule and radicle of Z. mays when treated with de-
colorized effluent products of red, green, black, and yel-
low dyes. Plumule and radicle length was reduced when
treated with untreated effluent treatment compared to de-
colorized effluent.
Figure 7 illustrates the growth of seeds after being
treated using fungal isolates. All seven fungal treatments
were growing as well as those in the water control treat-
ment, while there were just a few growths in the dye efflu-
ent. This indicated that this fungal-treated effluent did not
adversely affect plant growth.
4. Conclusions
In this study, seven fungi isolated from batik dye efflu-
ent were able to decolorize batik dye containing Indigosol
TABLE 2 Phytotoxicity test of different treated and untreated effluents containing Indigosol Blue-04B dye.
Fungi Treatments Zeamays Vigna radiata
Plumule (cm) Radicle (cm) Plumule (cm) Radicle (cm)
Control (irrigation water) 10.10 ± 0.19a 6.29 ± 0.25a 16.50 ± 0.50a 7.40 ± 0.20a
Effluent 2.40 ± 0.48c 2.10 ± 0.02bc 3.60 ± 0.10d 1.80 ± 0.30bc
Aspergillus sp. 1 Decolorized effluent 6.85 ± 1.15b 3.10 ± 0.66bc 5.30 ± 0.90cd 1.50 ± 0.37c
Aspergillus sp. 2 Decolorized effluent 6.75 ± 1.56b 3.60 ± 1.04bc 11.30 ± 0.70b 2.10 ± 0.17bc
Aspergillus sp. 3 Decolorized effluent 10.10 ± 0.60a 4.40 ± 0.56ab 12.40 ± 1.30b 3.50 ± 0.50b
Aspergillus sp. 4 Decolorized effluent 5.40 ± 1.14bc 1.75 ± 1.09c 11.30 ± 0.90b 2.70 ± 1.30bc
Aspergillus sp. 5 Decolorized effluent 5.20 ± 1.08bc 2.30 ± 0.90bc 7.50 ± 1.06c 2.10 ± 0.68bc
Aspergillus sp. 6 Decolorized effluent 7.90 ± 1.40ab 3.30 ± 0.38bc 11.70 ± 1.04b 3.30 ± 0.57b
Aspergillus sp. 7 Decolorized effluent 6.10 ± 0.99b 2.45 ± 1.30bc 6.40 ± 1.38c 1.10 ± 0.54c
The numbers followed by different letters in each column indicate thatmean values are significantly different (p≤0.05) by Tukey testmethod.
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FIGURE7The growth of Zeamays (A) andVigna radiata (B) in control irrigationwater (C), effluent (E), and dye effluent treatedwithAspergillus
sp. 1 (1), Aspergillus sp. 2 (2), Aspergillus sp.3 (3), Aspergillus sp. 4 (4), Aspergillus sp. 5 (5), Aspergillus sp. 6 (6), Aspergillus sp. 7 (7).Vigna radiata in
treated fungal isolate.
Blue-04B. The fungal degradation products did not cause
any toxicity in plants (Z. mays and V. radiata) as shown
by plumule and radicle length of Z. mays and V. radiata
grown on the decolorized effluent being longer than in the
untreated effluent. The percentage of Z. mays and V. radi-
ata seed germination on decolorized effluent was higher
than in untreated effluent. There was no inhibition zone
found around the decolorized effluent samples after incu-
bating with bacteria (B. cereus, Azotobacter sp., S. aureus,
and E. coli ) for 48 h. Aspergillus sp. 3 showed the highest
efficiency for degradation of effluent containing Indigosol
Blue-04B and so could be used for batik effluent mycore-
mediation.
Acknowledgments
This research was financially supported by the Directorate
of Research and Community Service, Ministry of Re-
search, Technology and Higher Education (KEMENRIS-
TEK DIKTI), Republic of Indonesia for support through
the doctoral dissertation research scheme (PDD) to RSD
based on memorandum of understanding agreement of In-
stitute for Research and Community Service (LPPM) Uni-
versitas Jenderal Soedirman, Purwokerto, Indonesia.
Authors’ contributions
RSD, RSK, EM, and YAP designed the study. RSD per-
formed the field, laboratory works, analyzed the data and
wrote the manuscript. All authors read and approved the
final version of the manuscript.
Competing interests
The authors declare no competing interest.
References
Abadulla E, Robra KH, Gübitz GM, Silva LM, Cavaco-
Paulo A. 2000. Enzymatic decolorization of tex-
tile dyeing effluents. Text Res J 70(5):409–414.
doi:10.1177/004051750007000506.
AI-Jawhari IFH. 2015. Decolorization of methy-
lene blue and crystal violet by some filamentous
fungi. Int J Environ Biorem Biodegrad 3(2):62–65.
doi:10.12691/ijebb-3-2-4.
Aksu Z, Çalik A, Dursun A, Demircan Z. 1999. Biosorp-
tion of iron(III)–cyanide complex anions to Rhizopus
arrhizus: application of adsorption isotherms. Pro-
cess Biochem 34(5):483–491. doi:10.1016/s0032-
9592(98)00115-0.
Aksu Z, Tezer S. 2000. Equilibrium and kinetic mod-
elling of biosorption of Remazol Black B by Rhizo-
pus arrhizus in a batch system: effect of temperature.
Process Biochem 36(5):431–439. doi:10.1016/s0032-
9592(00)00233-8.
Arora DS, Chander M. 2004. Decolourisation
of diverse industrial dyes by some Phlebia
spp. and their comparison with Phanerochaete
chrysosporium. J Basic Microbiol 44(5):331–338.
doi:10.1002/jobm.200410391.
Balan DSL, Monteiro RTR. 2001. Decolourisation of tex-
tile dyes indigo dye by lignolytic fungi. J Biotechnol
89(2-3):141–145. doi:10.1016/s0168-1656(01)00304-
2.
Braun S, Vecht-Lifshitz SE. 1991. Mycelial morphol-
ogy and metabolite production. Trends Biotechnol
9(2):63–68. doi:10.1016/0167-7799(91)90191-j.
Campos R, Cavaco-Paulo A, Robra KH, Schneider M,
Gübitz G. 2001a. Indigo degradation with laccases
from Polyporus sp. and Sclerotium rolfsii. Text Res J
71(5):420–424. doi:10.1177/004051750107100509.
Campos R, Kandelbauer A, Robra K, Cavaco-Paulo A,
Gübitz G. 2001b. Indigo degradation with purified
laccases from Trametes hirsuta and Sclerotium rolf-
sii. J Biotechnol 89(2-3):131–139. doi:10.1016/s0168-
1656(01)00303-0.
Coulibaly L, Gourene G, Agathos NS. 2003. Utilization
of fungi for biotreatment of raw wastewaters. Afr J
Biotechnol 2(12):620–630. doi:10.5897/ajb2003.000-
1116.
Dewi RS, Kasiamdari RS, Martani E, Purwestri YA. 2016.
Studi komparatif penurunan warna limbah cair batik
menggunakanAspergillus niger [comparative study of
color decrease of batik liquid waste using Aspergillus
niger]. In: Prosiding Symbion (Symposium on Biol-
ogy Education). p. 269–277.
59
Dewi et al. Indonesian Journal of Biotechnology 23(2), 2018, 54-60
Ferreira VS, Magalhães DB, Kling SH, Silva JGD, Bon
EP. 2000. N-demethylation of methylene blue
by lignin peroxidase from Phanerochaete chrysospo-
rium. Appl Biochem Biotechnol 84–86:255–265.
doi:10.1007/978-1-4612-1392-5_19.
Fu Y, Viraraghavan T. 2001. Fungal decolorization of
dye wastewaters: a review. Bioresour Technol 79.
doi:10.1016/s0960-8524(01)00028-1.
Ilyas S, Rehman A. 2013. Decolorization and detoxifica-
tion of Synozol red HF-6bn azo dye, by Aspergillus
niger and Nigrospora sp. Iran J Environ Health Sci
Eng 10(1):12. doi:10.1186/1735-2746-10-12.
Kariyajjanavar P, Narayana J, Nayaka YA. 2013. Elec-
trochemical degradation of C.I. Vat Orange 2 dye on
carbon electrode. Inventi Impact: Water Environ
2013(3):106–112.
Kaushik P, Malik A. 2009. Fungal dye decolourization:
recent advances and future potential. Environ Int
35(1):127–141. doi:10.1016/j.envint.2008.05.010.
Knapp JS, Newby PS. 1995. The microbiological decol-
orization of an industrial effluent containing a diazo-
linked chromophore. Water Res 29(7):1807–1809.
doi:10.1016/0043-1354(94)00341-4.
Kurniasih M, Dewi RS, Purwati P, Hermawan D, Aboul-
Enein HY. 2018. Synthesis, characterization and an-
tifungal activity of N-methyl chitosan and its applica-
tion on the gauze. Curr Bioact Compd 14(4):347–356.
doi:10.2174/1573407213666170420171005.
Mahmood R, Sharif F, Ali S, Hayyat MU. 2015. En-
hancing the decolorizing and degradation ability of
bacterial consortium isolated from textile effluent af-
fected area and its application on seed germination.
Sci World J 2015:1–9. doi:10.1155/2015/628195.
Manu B, Chaudhari S. 2003. Decolorization of indigo
and azo dyes in semicontinuous reactors with long hy-
draulic retention time. Process Biochem 38(8):1213–
1221. doi:10.1016/s0032-9592(02)00291-1.
Naeem Ali MFSPBGSA Abdul Hameed. 2009. Applica-
tion of Aspergillus niger SA1 for the enhanced biore-
moval of azo dyes in simulated textile effluent. Afr J
Biotechnol 8(16):3839–3845.
Parshetti GK, Kalme SD, Gomare SS, Govind-
war SP. 2007. Biodegradation of reactive
blue-25 by Aspergillus ochraceus NCIM-
1146. Bioresour Technol 98(18):3638–3642.
doi:10.1016/j.biortech.2006.11.017.
Pitt JI, Hocking AD. 2009. Fungi and food spoilage. New
York: Springer. doi:10.1007/978-0-387-92207-2.
Rani B, Kumar V, Singh J, Bisht S, Teotia P, Sharma
S, Kela R. 2014. Bioremediation of dyes by fungi
isolated from contaminated dye effluent sites for
bio-usability. Braz J Microbiol 45(3):1055–1063.
doi:10.1590/s1517-83822014000300039.
Sumathi S, Manju BS. 2000. Uptake of reactive textile
dyes by Aspergillus foetidus. EnzymeMicrob Technol
27(6):347–355. doi:10.1016/s0141-0229(00)00234-
9.
Sunarto. 2008. Teknologi pencelupan dan pengecapan
[Technology of dyeing and application]. Jakarta: De-
partemen Pendidikan Nasional Indonesia.
Tian Ce, Tian R, Zhou Y, Chen Q, Cheng H. 2013. De-
colorization of indigo dye and indigo dye-containing
textile effluent by Ganoderma weberianum. Afr J Mi-
crobiol Res 7(11):941–947. doi:. 904.
Watharkar AD, Jadhav JP. 2014. Detoxification
and decolorization of a simulated textile dye mix-
ture by phytoremediation using Petunia grandiflora
and Gailardia grandiflora: A plant–lant consor-
tial strategy. Ecotoxicol Environ Saf 103:1–8.
doi:10.1016/j.ecoenv.2014.01.033.
Wesenberg D, Kyriakides I, Agathos SN. 2003. White-
rot fungi and their enzymes for the treatment of indus-
trial dye effluents. Biotechnol Adv 22(1-2):161–187.
doi:10.1016/j.biotechadv.2003.08.011.
Wong Y, Yu J. 1999. Laccase-catalyzed decolorization
of synthetic dyes. Water Res. 33(16):3512–3520.
doi:10.1016/s0043-1354(99)00066-4.
Zheng Z, Levin RE, Pinkham JL, Shetty K. 1999. Decol-
orization of polymeric dyes by a novel Penicillium iso-
late. Process Biochem 34:31–37. doi:10.1016/S0032-
9592(98)00061-2.
Zhou W, Zimmermann W. 1993. Decolorization of in-
dustrial effluents containing reactive dyes by actino-
mycetes. FEMS Microbiol Lett 107(2-3):157–161.
doi:10.1111/j.1574-6968.1993.tb06023.x.
60
